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[1] This study quantifies Madden-Julian Oscillation (MJO)-
related hydrological variability in the upper troposphere/
lower stratosphere (UT/LS) using Aura Microwave Limb
Sounder (MLS) cloud ice water content (IWC) and water
vapor (H2O). In a composite of six boreal-winter MJO events,
the UT/LS IWC anomaly is strongly positively correlated
with the convection (TRMM rainfall) anomaly. IWC
anomalies range from ±2 mg/m3 at 215 hPa to ±0.08 mg/m3

at 100 hPa. The UT/LS H2O anomaly has an eastward-tilting
structure similar to the previous-documented temperature
structure, but the H2O maximum lags the temperature
maximum by about a week. The H2O anomaly is positively
correlated with the convection anomaly in the UT (261 hPa)
and LS (68 hPa) but negatively correlated with the convection
anomaly near the tropopause (100 hPa). This analysis
provides a multi-parameter construct useful in validating
and improving the parameterization of convection, clouds and
cloud microphysics in MJO modeling. Citation: Schwartz,

M. J., D. E. Waliser, B. Tian, D. L. Wu, J. H. Jiang, and W. G. Read

(2008), Characterization of MJO-related upper tropospheric

hydrological processes using MLS, Geophys. Res. Lett., 35,

L08812, doi:10.1029/2008GL033675.

1. Introduction

[2] The Madden-Julian Oscillation (MJO) is the dominant
form of intraseasonal variability in the Tropics [Madden and
Julian, 1994] and it impacts a wide range of phenomena, such
asElNiño/LaNiña,Asian-Australianmonsoons,mid-latitude
weather, tropical cyclones, and atmospheric composition
[Tian et al., 2008, 2007;Waliser and Lau, 2005]. To date, the
large-scale MJO convection and circulation characteristics
have been relatively well documented and in some cases
understood [e.g.,Hendon and Salby, 1994]. For themost part,
these studies have focused on quantities such as upper and
lower level winds, outgoing longwave radiation and precipi-
tation, and surface heat budget processes. In recent years, a
number of studies have also documented aspects of theMJO’s
vertical structure [e.g., Myers and Waliser, 2003;
Sperber, 2003; Kiladis et al., 2005; Lin et al., 2005; Tian et
al., 2006;Wong andDessler, 2007]. For example, in the work
by Tian et al. [2006], Atmospheric Infrared Sounder (AIRS)
[Susskind et al., 2006] temperature and water vapor profiles
were used to document the evolution of the moist thermo-

dynamic vertical structure of the MJO. A notable limitation
of this study as well as the other studies cited, with the
exception of Wong and Dessler [2007], is that the data
sources of water vapor information above �300 hPa exhibit
considerable uncertainty, lack sensitivity and/or are based
on model-derived information. In addition, still missing in
the characterization of the upper-tropospheric (UT) hydro-
logical cycle of the MJO is a quantification of other
hydrological properties (e.g., hydrometeor budgets, cloud
ice/water, transports, etc).
[3] In this study, we use the water vapor (H2O) and cloud

ice water content (IWC) products from the Microwave Limb
Sounder (MLS) [Waters et al., 2006] on the Aura satellite to
quantify the variation of upper-tropospheric/lower-
stratospheric (UT/LS) humidity and cloud ice associated
with the MJO. These products are now available for a more
than three year period, filling significant gaps in our mea-
surement capability and allowing a more complete charac-
terization of the atmospheric hydrological cycle associated
with the MJO. Quantitative profiling of these hydrological
parameters is particularly important, as global climate and
weather forecast models exhibit considerable shortcomings
in the representation of the MJO [Slingo et al., 1996; Sperber
et al., 2000; Waliser et al., 2003b; Lin et al., 2006; Zhang et
al., 2006]. Model deficiencies in regards to the MJO are
thought to arise from gaps in our understanding of, and
coupling between, cumulus convection, the planetary bound-
ary layer, cloud-radiation processes, and possibly even
microphysical processes and ocean surface temperature feed-
backs [Slingo et al., 2005]. Having a better characterization of
the hydrological cycle in the UTwill provide valuable model
constraints on parametrized processes such as the degree
of H2O supersaturation, auto-conversion rates of cloud to
rainfall, as well as the contributions to ‘‘cloudiness’’ from
cloud fraction, mass and particle size. In combination, these
factors can help determine and quantify potentially important
feedbacks to theMJO, including thecloud-longwavefeedback
[e.g., Lin and Mapes, 2004] and the surface shortwave-SST
feedback [e.g., Wang and Xie, 1998; Waliser et al., 1999].
Apart from the specific intention to examine the MJO, this
study may also contribute to the stratospheric hydration
problem, as the MJO modulates both convective injection of
moisture into the tropical tropopause layer (TTL) and circula-
tion between low and mid-latitudes [Eguchi and Shiotani,
2004;Wong and Dessler, 2007].

2. Data and Methodology

[4] This study uses MLS v1.5 H2O and IWC [Livesey,
2005]. H2O [Read et al., 2007] is retrieved on 6-surfaces-
per-decade of pressure from 316–0.1 hPa, and its overall
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